Objective: Our study aimed to identify how much sodium alginate is produced from padina sp. extract, which as is the basic matter of irreversible hydrocolloid.
Introduction
An important step in orthodontic treatment procedure and prostheses manufacture is modeling. This is because the model is used by dentists to design and construct prostheses as well as orthodontic instruments and the model thus designed must accurately represent the structure of the mouth. One of the printed materials widely used in the dentistry field is the alginate printed material (irreversible hydrocolloid).
1
Alginate is a polysaccharide extracted from brown algae. Basically, all brown algae species contain alginate, but only a few species were extracted for the alginate production commercially. Most of alginate materials necessary in Indonesia are still procured by importing because there is no alginofit cultivation yet (algae producer of alginate), this in turn has made printed materials relatively expensive in Indonesia and led to high cost of dental health care.
2,3
In Indonesia seaweed is used only as a food item and thus its use is mainly restricted to domestic consumption. It is not fully utilized for industry, especially as the printed material in dentistry.
4
Indonesia is an archipelagic country with abundant marine resources. The brown algae Padina sp., especially in the Puntondo-Punaga waters, South Sulawesi province, is available abundantly, but it has not been cultivated by the local community given the industry's lack of knowledge about its special properties. Thus, the algae grows in the wilderness and goes unutilized.
This study aimed to identify how many sodium alginates are produced from brown seaweed extraction (panida sp.) that can be used as a raw material of alginate printed material (irreversible hydrocolloid impression material).
Material and Methods
The sample used in this research is a brown algae species, padina sp., taken from Punaga and Puntondo coast in Takalar, South Sulawesi, Indonesia. A quantity of 45 g of dry brown algae was extracted to obtain sodium alginate from it. Then the sodium alginate derived from the Department of Oral Biology, Faculty of Dentistry, Hasanuddin University, Makassar, Indonesia extraction process was compared to standard sodium alginate using FTIR (Fourier Transform Infrared).
Overall, the following activities were carried out during the study: sodium alginate extraction, FTIR testing and analysis of infrared spectra.
Sodium alginate extraction
A quantity of 45 g of dried brown algae was soaked in HCl solution for 1 hour and washed with distilled water 3 times and Na 2 CO 3 at 4% was added to the sample. Thereafter, the sample was heated at 60°C for 2 hours and was stirred frequently, until it become a paste. This mixture is diluted with distilled water, kept still for about 30 minutes, and then filtered. Filtering results: HCl 5% was added to the filtrate until the pH reached 2-3 and the sample was kept as is for 5 hours. NaOCl 1% was added to the sample to form an even mix. NaOH at 10% was added to the sample until its pH reached 9 and the sample was allowed to settle for 5 hours. The sample was centrifuged for 5 minutes to form a sediment and liquid. Isopropanol 95% was added to the sediment and was kept frozen for 12 hours. Then the sediment was freeze-dried until it became a powder and then pureed using a blender. After that, sodium alginate obtained from the extract of padina sp. was weighed with analytical scales.
FTIR (Fourier Transform Infrared) testing
Sodium alginate was crushed into very fine powder and screened again and then the powder was mixed with KBr powder. Then the mix was put through a mini hand-press tool to form into a thin disc/tablet. The disk was laid on a sample place in FTIR for analysis. Spectra data were displayed on a computer connected to the tool.
Interpretation of infrared spectra
Analysis of the infrared spectra was focused on determining the presence or absence of several major functional groups, such as C=O, OH, N-NH, CO, C=C, C ≡ C, C ≡ N and NO 2. Note the presence of the C=O group. Group C=O was identified in the 1820-1600 cm -1 area. This is usually the strongest peak with medium width in the spectrum. If the group C=O exists, it indicates the presence of -OH (absorption gets close to 3.400-2.400 cm -1 ), -NH (medium absorption near 3.500 cm -1 ), CO (strong absorption near 1.300-1.000 cm -1 ) and CH aldehyde (two weak absorption spots near 2.850 and 2.750 cm -1 , which is on the right uptake CH).
If the group C = O doesn't exist, it means the presence of test OH group (absorption extends until 3.300 near 3.600 cm -1 ). Next variable is the CO absorption, which occurs near 1.300-1.000 cm -1 , in addition to test NH (medium absorption near 3.500 cm -1 ) and test CO uptake (no OH absorption) near 1.300-1.000 cm -1 . The next step is considering the existence of a double bond and/or aromatic ring. C=C has a weak absorption near 1.650 cm -1 . High medium-strong absorption between 1.650 and 1.450 cm -1 often indicates the presence of an aromatic ring, proving there is a possibility of absorption in the CH area. Aromatic bond and vinyl CH were found on the left 3.000 cm -1 , while aliphatic CH occurred on the right-side area.
Then, we noticed the presence of a triple bond. C ≡ N has a medium and sharp absorption near 2.250 cm -1 . C ≡ C has a weak but sharp absorption near 2150 cm -1 . Test CH asetilenik occurs near 3.300 cm -1 . showed a typical fingerprint mannuronat area. The typical guluronic and mannuronat area is a marker providing the evidence for the presence of sodium alginate. The presence of hydroxyl, carboxylic and ethers which constitute sodium alginate showed that the properties of sodium alginate extract are same as the standard sodium alginate. The second pattern of infrared spectra showed a significant difference.
Results

Research conducted in the Biofarmaka
In the infrared spectra pattern of samples, we found there is a slightly different absorption peaks with the standard sodium alginate. This shows there are still other functional groups participating in the process of purification of the filtered sodium alginate samples.
Discussion
Levels of sodium alginate are influenced by several factors, such as brown algae species, site location and extracting method. Growing location includes water conditions, pH, salinity, light, water depth and nutrients. Another factor that may affect the levels of sodium alginate produced in this research is the sample quality. Morphologically, talus forms are different for each type of brown algae. This talus shape can also influence the levels of sodium alginate produced. Different methods in extracting influence the quality of the extraction, because the extraction process requires a particular treatment, such as the usage of reagents with certain concentration, amount of reagents, pH, heating temperature and drying, bleacher types and the type of precipitator solution used.
2,9
At the initial process of the extraction in this research, algae was soaked in an acid solution (HCl) to dissolve the salts, mannitol and dyes. In Wave number (cm-1) Figure 3 Infrared spectra of sodium alginate extracted from Padina Sp.
addition, this was also done to dissolve impurities so that algae can be clean, while soaking the algae in an alkaline solution aimed to neutralize acid conditions. 10 In the cell walls of brown algae, there is water-insoluble cellulose. Strong acids can hydrolyze cellulose, therefore, soaking the algae in a solution of HCl can break down the cell walls and cellulose. This will facilitate the subsequent extraction process.
11
The process of separating alginate acid from cellulose was conducted under alkaline conditions by using Na 2 CO 3 . As a basic salt Na 2 CO 3 dissolves much alginate but if the Na 2 CO 3 concentration is too high, alginate polymer will be degraded. The concentration of Na 2 CO 3 at 3-5% can reduce the sedimentation and viscosity of alginate extract. The reason is alginate acid is degraded by an alkaline solution by cutting the polymer chains into oligosaccharides and degraded further into 4 acid deoxy 5 keturonat. The addition of Na 2 CO 3 also serves to break down pectin in the cell walls of the brown algae. Pectin serves as an adhesive between one cell wall and another and these compounds are unstable in alkaline conditions. In the extracting process, the algae is heated at 60°C and the heating is aimed to speed up the extracting process and get more alginate extract.
12,13
The outcome of this process was an alginate which is likely still mixed with other substances or has residual dirt that has not been removed. Therefore, filtering was done to produce residue and filtrate. Furthermore, the obtained filtrate is passed the bleaching process or discoloration by adding NaOCl so that sodium alginate extract has a clearer color. Bleaching occurs due to the dissolution of the phenol compounds contained in alginate polymer. The filtrate then goes through bleaching process and HCl is added to the filtrate so that the acid can precipitate alginate. Further filtering was done to separate the alginate acid sediment out of the solution. To get the alginate in the form of sodium alginate, we added the NaOH or Na 2 CO 3 solution . The purpose of changing alginate to sodium alginate is to get alginate in a stable form. After that, isopropanol was used to extract sodium alginate from sodium alginate solution. Then, alginate was freeze-dried using a freeze dryer and pulverized to obtain fine powder of sodium alginate. Sodium alginates derived from brown algae have a darker color, which is possibly due to insoluble phenol compounds in bleaching or discoloration process.
14,15
The molecular weight of sodium alginate was 28.4% of the weight of dry algae, which means the weight is less than the weight of sodium alginate as reported in the literature, that is, it has about 40% of the total weight of dry algae. The results from previous research conducted by Rasyid 2 using algae species sargassum (sargassum crassifolium, polycystum sargassum and sargassum plagyophyllum) collected from the South Sulawesi waters showed that sodium alginate content was as much 23.86-30.1%, which means the results of the present study do not differ greatly.
Conclusion
Based on the results, it can be concluded that the levels of sodium alginate extracted from brown algae padina sp. is 12.86 g or 28.4% of the total weight of the dry algae at 45 g. Sodium alginate extracting process is similar to sodium alginate standard process; the FTIR test indicated the presence of hydroxyl, carboxylic and ethers in sodium alginate extracted from padina sp., which are constituents of standard sodium alginate.
